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Effect of Bifidobacterium longum and Lactulose on the Strength 
of Bone in Ovariectomized Osteoporosis Model Rats 

Minora Igarashi, 1 * Yuriko Iiyama, 1 Ryo Kato,* Mamoru Tomita, 1 
Naomi Omi* and Ikuko Ezawa 2 

i*Food Research & Development Laboratory, Morinaga Milk Industry Co., Ltd. 
2 Department of Food and Nutrition, Japan Women's University 

*ff (Bifidobacterium longum) JSiCFy^f ^b-^W^ J *><D%WZK. £<D X 5 ftg£3N:-(F£ £ fr&M 
Lfc. SD Jjlflt ? » h 29 B*0Pft|fts , &* * 0 01 % 9 y 0.3% *#t»® * * a&t 31 B IS® 
fU. t«5ttB»£*T>7.y r-fc#/Wv'?A 0.3%(SMj|*/i'i'*A), Jl v 0.3%*-&tf5*ftfcft* 

— # Microdensitornetry 5 #»fc ^cB-H-OttSgBBS^ 7 > - <a 5 *> 2GS, GS ma * 

ttJfflBfcgttfc^fctf. ®Pfitfc'<(D®^i:'lSi><S(RlA^e>iifc. ^GS/D ttdWfe^LT®®!?^ 

Abstract In the present study an ovariectomized osteoporosis model rat was used to investigate the effect 
of Bifidobacterium and undigestible lactulose on whey calcium absorption and bone fracture properties. 
Ovariectomized rats received a diet containing 0.01 % Ca for 31 days. Thereafter, the rats were divided 
into three groups fed the following 3 diets for 31 days: a diet containing whey calcium (group 1), a diet 
containing whey calcium and Bifidobacterium culture suspended in drinking water (group 2), and a diet 
containing whey calcium and lactulose, and Bifidobacterium culture suspended in drinking water (group 3). 
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The experiment .yielded the following results. The number of bifidobacteria in the feces was significantly 
increased by administration of lactulose. The pH of the cecal contents was reduced concomitantly with 
increasing numbers of bifidobacteria in the feces, and the concentration of acetic acid in the cecal contents 
was significantly higher in group 3. The femur fracture properties (breaking energy and breaking force) 
in groups 2 and 3 were increased in comparison with animals fed only the whey calcium diet (group 1). 
There was no significant difference in the values of the microdensitometry parameters SGS and GSmaz 
among the 3 groups, but 2GS/D was higher following administration of Bifidobacterium and lactulose 
as compared to group 1 . This was a significant difference. GSmin in group 2 was statistically higher than 
that in group 1 . These results suggest that administration of Bifidobacterium and lactulose promotes whey 
calcium absorption, and thereby increases the strength of bone. 
Key words: lactulose, Bifidobacterium, whey calcium, ovariectomized rat 
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Table 1. Composition of experimental diet 
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Compound 



f 0.01 % Ca\ 
I 0.3% P ) 



Whey Ca 
"(Group 1) 



Whey Ca+ 
B. longum 

"(Group 2) 
0.3% Ca T 0.3% P 



Whey Ca-h 
lactulose 3% + 
B. loitgum 
*(Group 3) 



Glucose monohydrate 


65.3 


65.0 


65.0 


57.5 


Vitamin-free casein 


18.0 


18,0 


18.0 


18.0 


Cystine 


0.2 


0.2 


0.2 


0.2 


Cotton seed oil 


10.0 


10.0 


10,0 


10.0 


CaCOa 


0.023 


— 


— 


— 


Equimolar mixture of 












0 9 

V. 7 


0.1 


0.1 


0.1 


Cellulose powder 


3.0 


3.0 


3.0 


3.0 


Choline chloride 






0.2 


0.2 


Water-soluble* 










vitamin mixture 


0.1 


0.1 


0.1 


0.1 


Ca and P free'' 










salt mixture : 


2.0 


2.0 


2.0 


2.0 


Fat soluble vitamin c 


0.0104 


0.0104 


0.0104 


0.0104 


Whey calcium powder 




1.2 


1.2 


1.2 


Lactulose powder 








7.5 






t % skim milk 


1 % skim milk 


1 % skim milk 


Drinking water 




1 


+B. longum 


+B. longum 
! 




Low calcium diet 




Experimental diet 





* The water-soluble vitamin mixture consisted of 0.5% thiamine hydrochloride, 0.5% riboflavine, 0.5% 
pyridoxine, 2.8% calcium pantothenate, 2.0% nicotinamide, 20.0% inositol, 0.02% folic acid, 0.002% 
vitamin Bia, 0.01 % biotin and 73.7% glucose monohydrate. 

» The Ca- and P-free salt mixture contained 57.7% KC1, 20.9% NaCl, 17.9% MgSOa, 3.22% FeS0 4 • 
7H*0, 0.078% CuS04-5H 8 0, 0.113% NaF, 0.004% CoCl2-6H 2 0, 0.01 % Kl, 0.04% MnSCVHgO, 0.44% 
ZnS0 4 «7H 2 0 and 0.005% (NBi)« MoSO<i-4H20. 

6 The fat-soluble vitamin mixture consisted of 0.67% /J-carotene, 1.01% 2-methyl-l-4-naphtboquinone, 
8.43% os-tocopherol and 89.88% vitamin D 3 (53600 lU/g). 

* Group 1: »=10; Group 2: n=10; Group 3: rt=9. 
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Fig. 1 . A diagrammatic presentation of "Dynagraph' * 
(Bone Fracture properties measuring system), 
1, plunger; 2, sample (femur); 3, saxnplehol- 
der; 4, load-cell; 5, amplifier; 6, recorder. 



Densitometer pattern 
(aluminum conversion value) 



parameter 

GS min 

GS max 

, GS^GSg_ 
2 

ZGS 
SGS/D 




Cross section of femur 



Fig. 2. Densitometer pattern and characteristics of x- 
ray microdensitometry (MD) analysis. 
Parameter: GSmin-GSmax (peak height), 
IGS (area), ^GS/D (average height). 



Tabic 2. Changes of number of Bifidobacterium in feces before and during administration of E. longum. 



Group 



Supplement 



No. of 
rats 



Before 
administration 



During administration 
day 16 



day 23 



1 Whey Ca 


5 


ND* 


ND ND 


2 WheyCa+ 
£. longum 


5 


ND 


ND 8.0** (20)*** 


3 WheyCa+ 

lactulose 3%+ 
B* longum 


5 


ND 9.2±0.3 9.1 ±0.3 
(80) (100) 


* Not detected. 

** Values are expressed as Bifidobacterium counts (Jog No,/g-feces). 
*** Frequency of occurrence (%). 




Table 3. 


Levels of serum Ca, P, creatinine and total protein. 


Group Supplement N r ats° f Ca (m 2' dI > 


P (mg/dl) 


Creatinine Total protein 
(mg/dl) (g/dl) 


1 Whey Ca 


10 10.38±0.13* 


7.66±0.32* 


0/75 ±0.02* 6.09±0,14« 


2 Whey Ca+ 
B. longum 


10 10.03±0.14 


7.04±0.38 


0.79±0.02 6.19±0.30 


3 Whey Ca-f 

lactulose 3%+ 
B* longum 


9 10.14±0.23 


7.08 ±0.35 


0.77 ±0.02 6.30±0.23 


* Mean±SE. ! 








: Table 4. 


pH and organic acids (mg/g-feces) in the cecal content. 




Whey Ca 

K = 10 


Whey Ca+ 
B. longum 
«=10 


Whey Ca+ 
lactulose 3 %+ 
B* longum 


P H : 
Lactic acid 
Acetic acid 
Propionic acid 
Citric; acid 
Butyric acid 
Succinic acid 

Valeric acid 

i 


7.09 ±0.06* 
0.26±0,03* 
0,59±0.05 
0.33 ±0.03 
0,03 ±0.01 
0.23 ±0.03 
0.02±0.01 
ND** 


7.05 ±0,05 
0.23±0.01 
0.62±0.07 
0.29±0.03 
0.03 ±0.01 
0.21 ±0.03 
0.02±0.01 
0.02±0.01 


6.H±0,12* 
0.96±0.20* 
1.14±0.16* 
0.40±0.06 
0.06±0.01* 
0.49 ±0.09* 
0.09 ±0.02* 
0.03 ±0.01 



a Mean±SE. : 

* Significant difference from whey Ca diet group (p<0.05). 
** Not detected.: 
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13 r 




Whey Ca 



Whey Ca + 
B. longum 



Whey Ca + 
lactulose 3% + 
B. longum 



Fig. 3. Breaking energy of femur. 
Mean±SE. 

*: Significant difference from whey Ca diet group 
( J p<0.05). 
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Whey Ca 



Whey Ca + 
3. longum 



Whey Ca + 
lactulose 3% + 
B. longum 



Fig. 5. IGS of femur. 
Mean±SE. 
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5 10 



o 9 



g 8 
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Whey Ca 



Whey Ca + 
S. longum 



Whey Ca + 
lactulose 3% + 
B. longum 



Fig. 4. Breaking force of femur. 
Mean±SE. 

•: Significant difference from whey Ca diet group 
O<0.05). 



1.3 r- 




a 1.1 - 



Whey Ca 



WheyCa+ WheyCa + 
B. longum lactulose 3% + 
— B, longum 



Fig- 6. GSmax of femur. 
a : Mean±SE. 
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J1 i *-+ LJ ^ 



A I O i_) O KJ (_l _> i (_* 



0.9 r 



0.8 - 



£0.7 - 




w/k r WheyCa + 
WheyCa. n^S™" lactulose 3% + 

Fig. 7. SGSfD of femur. 
tt : Mean±SE. 

*: Significant difference from whey Ca diet group 
(/7<0.O5) 




Whey Ca 



.... „ WheyCa + 
Whe * Ca+ lactulose 3% * 



B- longm 



B. longum 



Fig. 8. '■ GSmin of femur. 
*: Mean±SE. 
Significant difference from whey Ca diet group 
0><0.05). 
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